gbooobooboogog 3790 I [ 20030

UDC 621 .746 .27 :681.3

doddooooobobobbbob0odd0o0O0ouo0o0oooOonOon

Formulation of aMold Level Control Model by Molten Steel Flow Analysis Method
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Abstract

This paper presentsan activity on mold level control in continuous casting process as a case example
of our process control solution business, in which we clarify and evaluate the process phenomena and
design the control system. For a start, a mold level control model has been formulated by fluid flow
analysistechnique that evaluates molten steel flow in the mold quantitatively. The model calculatesthe
fluid flow and free surfacein the mold by molten steel flow analysis method, while control system analy-
sisis performed simultaneously. It enablesrealistic smulation of the mold level control system consid-
ering the fluid flow turbulence. As a consequence, mold level control in high-speed casting can be

predicted and evaluated with high accuracy.
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Level control
Free surface (distributed)

» Sensor

Detectéd level

Controller

Pouring velocity

Plant model
(Molten steel flow analysis)

3-D numerical fluid dynamics method
. Continuity Eq., incompressibility

. Navier-Stokes Eq.

. Finite difference method

. Turbulence model: Large eddy simulation model |4
. Free surfae tracking: Volume of fluid method
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Tundish

Cylinder

Sliding valve

Sensor

Controller

Mold

Water spray
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Nozzle inlet (inflow boundary)

Pouring velocity
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Free surface
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\ Solidified shell
(Rigid wall #2)
SEN
(Rigid wall #1)

Caster bottom (outflow boundary)
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Mold width
1 500mm

Mold thikness
240mm

Reference level|Control method
0 5mm PI

Casting speed
2.1mpm




goooOdooOooOooOooOoOoOoOobDOoOoOoOooOo

/N N\
p

Detected level (mm)
&

130 140 150
Time (s)

0000000o0o0o0o0o0o0ooo0oo0oooooo

120 160

1.0
0
~ 08
=]
@
N
< 0.6
£ \
Zoa
g \
002 | ‘/“\;
= B
0 : :

0.1 1
Frequency (Hz)

gooooooooOoooOoooooOoooooooooooo

o
o
=

goooooooooooooooooboooooooooooo
oooooooooboOoocbomoooooloHzZ IO ODOODODOO
goooooooooboooooooooboooboooooopPion
goooooobooooooooo

41 0O0OO0OOO0O0OO
gooooooooooooboooooobooooooooooo
gooooooooooooooooobooooooooooon
ooooooooboooooOoOooooooOoOoO0ooooaoHzZOOO
goboooobooooobooooboobooobooo

42 0O00O0O0O0OO0OOOO
goooooooooooooooOooboooooooooooo
ooooooooooooooooooboooooooooooo
gooooooooooobobooogoioHzDODODDOOOOOOOO
oooOoooroHzOODOOOOOOOOOOOOOOOOOOOO
goooooooyoHzOOooooooooooooooooooo
goooooooooooooooooboooooooooooo
gooooooooo

f:i Nzg
2n L

040

O000AOD0MHZONOOD M -M g0 0000 M m/s?O
L0000 mMmmooooOod NO10 L 0O1.500m0 040000
oooo fooHz OO oooooooooooooobooooo
gobooooboooooo
gbooobooooooobooooobooooboooooooo
goooooooooooooooooboooooooooooo
ooooooooooooooooboboboooooooooo
golooHzDOOOooooooooooboooooboooo
goooooooooooooooooboooooooooooo
ooooooooooooooooOobobOoboooooooooo
jdodoootoooooooooboocooooooooooooo
goooooooootommoboOogo00000o0ooooon

0410

£ 5
E
]
3 W” v
o
2
8 -15
-20 : : : :
110 120 130 140 150 160
Time (s)
0000000000000 00000000000a0
1.0
Z
= 08
he)
N
= 06
£
204
5]
g 02 ‘ ‘ ““l“ ‘
o i A I P
0 H H H H HEH H B . 4 o .
0.01 0.1 1

Frequency (Hz)
JjoododobodboOooooOooDooooooobOoboboooooag

0o0o0oooooooooooooo

3 4 5 6 7 8 9 10

glo00ooooooooooooomonon

goooooooooooooooooboooooooooooo
oooooooooooooooooboboboooooooooo
goooooooooooooooooboooooooooooo
goooooooooooooooooboooooooooooo
oooooooooooooooooboboboooooooooo
gobooooboooooooooooboooo

goooooooooooooooooboooooooooooo
oooooooooooooooooboboboooooooooo
dbodonooooooooooooooooooooooooo
goooooooooooooooooboooooooooooo

00oo0oo0o0ooooOooo 37900020030



gooodoOooOoboO0oOoOoO0oOoOooOooOoOooOo

5 P . B ) L L LN B . . -
N 'y

Magss oo B
i

0.5 1.0 15

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Jl1z00000000000000O0O000O0DOO0O0OO0O

00000000000 37900020030

0420

oooooooooooooooooobooboooooooooo
gooooooooooooooooboboboooooooooo
gooooooooooooooooboooboooooooooo
oobooooooo
ododt12000000000000000000000000
gooopooopoooooooooooOOOOOOmMsOOOO
oooooooooooooooooobooboooooooooo
gooooooooooooooooboboboooooooooo
goooooooooooooobooobooboooooo
oooooooooooooooooobooboooooooooo
gooooooooooooooooboboboooooooooo
gooooooboooooooo

5. 0000

gooooooooooooooooboooboooooooooo
oooooooooooooooooobooboooooooooo
gooooooooooooooooboboboooooooooo
gooooooooooooooooboooboooooooooo
oooooooooooooooooobooboooooooooo
oono

gooo
1) Suzuki, D. et al. : Level Control Model by Numerical Fluid Dynamics Method. Pro-
ceedings of the Fourth International Conference on Intelligent Processing and Manu-
facturing of Materials. IPMM'03. 2003(CD-ROM)



